Introduction
============

Bovine babesiosis, caused by *Babesia bigemina*, is an important tick-borne disease in the tropical and subtropical counties, transmitted by *Rhipicephalus* (*Boophilus*) *microplus*. India suffers losses of about 57.2 million US dollars annually due to babesiosis and anaplasmosis in livestock ([@B14]). Microscopic techniques like Giemsa stained blood smear is the most appropriate for the diagnosis of acute babesiosis but the low sensitivity of these method do not permit to identify the carrier animals ([@B11], [@B1], [@B20]). Serological tests, though employed for epidemiological survey of babesiosis, lack discrimination between previous and current exposure to infection ([@B16]). Molecular tests, such as PCR assays, are highly specific and sensitive method over the existing diagnostic techniques for the diagnosis of subclinical infections ([@B8]). The molecular tests can depict the status of active infect in exposed animals and further their correlation with haemato-biochemical parameters will provide an insight into the pathogenicity of subclinical infection primarily diagnosed by PCR assay.

The present study was therefore undertaken to diagnose subclinical cases of babesiosis by PCR based molecular diagnosis in relation to the haemato-biochemical parameters to study the pathogenicity induced by latent infection of *B. bigemina*.

Materials and Methods
=====================

Sampling frame
--------------

The province of Punjab covers a total area of 50,362 square kilometers between 29″30′N to 32″32′N latitude and 73″55′E to 76″50′E longitudes. The study area was divided into three regions: Western Punjab (Western and Western Plain Zone), Central Punjab (Central Plain Zone) and North-eastern Punjab (Submountain and Undulating Zone) ([Fig. 1](#F1){ref-type="fig"}). To study the status of molecular prevalence of the babesiosis caused by *B. bigemina*, the expected prevalence to be 50% with confidence limits of 95% and a desired absolute precision of 5% to collect maximum number of samples was considered. The number of samples thus calculated was adjusted for finite population ([@B21]) and correlated with 542 samples (cattle 466 and buffaloes 76) collected from month of May to October, 2011 from jugular vein of dairy animals having history of tick infestation, fever, hemoglobinurea or anemia from Punjab state (India) also including the samples from the outbreaks of *B. bigemina* in central and north-eastern regions. About 5ml of blood was collected aseptically from the jugular vein of each animal in EDTA coated vials for DNA isolation and serum separation, respectively. The extracted DNA and collected sera were stored at −20 °C for further analysis.
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Clinical and subclinical diagnosis
----------------------------------

Animals diagnosed positive by Giemsa stained thin blood smears technique were considered clinically positive cases. For sub-clinical diagnosis, DNA was extracted using DNA isolation Kit (HiPura Blood Genomic DNA Miniprep Purification Spin Kit) as per the protocol of the manufacturer. The Bg3/Bg4 set of oligonucleotide primer was used to amplify 18S ribosomal RNA gene ([@B5]). The nucleotide sequence of the primer was Bg3 5′ TAGTTGTATTTCAGC CTCGCG 3′ and Bg4-5′ AACATCCAA GCAGCTAHTTTAG 3′. The PCR reaction mixture (25μl) mixture constituted of 12.5μl of KAPA 2G ^TM^ Fast Hot Start Ready Mix (2X containing KAPA2G fast hot start DNA polymerase, KAPA 2G fast hot start PCR buffer, 0.2 mM dNTP each, 1.5 mM MgCl~2~),3 μl of 25 mM MgCl~2~, 1.5 μl of 10 pmol Bg3/Bg4 primers, 1.5 μl DEPC-treated water and 5 μl of DNA template. The reaction was carried on in automated Thermocycler (Eppendrof, Master Cycler Personal) on the following programme: initial denaturation at 95 °C (5min), 30 cycles of denaturation at 95 °C (30 sec), annealing at 57 °C (1min), and extension at 72 °C (1.5 min) with final extension at 72 °C for 10 min. The amplified PCR products were separated by electrophoresis on 1% agarose gel and visualized under UV Transilluminator for detection of 689 bp amplified product.

Haemato-biochemical analysis
----------------------------

The hematology was done on ADVIA 2120 Hematology System (Siemens Health Care Diagnostic Inc. Deerfield, IL, USA) and serum biochemical profile was drawn on VTROS DT 6011 System Chemistry using Ortho-Clinical Diagnostics kit (Johnson and Johnson Company).

Nucleotide sequence analysis
----------------------------

The 689 bp product obtained by the Bg3/Bg4 primers specific for *B. bigemina* PCR were custom sequenced from Xcelris Genomics, Ahmedabad, India. The nucleotide sequences were subjected to BLASTn analysis ([@B2]) for determining the similarity with the sequences present in the nucleotide database.

Statistical analysis
--------------------

Chi-square test was applied to evaluate association of disease prevalence with various districts under study. One-way Analysis of Variance (ANOVA) was applied to various haematological and biochemical parameters to determine the variance in these parameters using SPSS software. Agreement between the results of the two techniques was analyzed through Cohen's Kappa coefficient.

Results
=======

Diagnosis of infection
----------------------

Out of total 542 blood samples (466 cattle and 76 buffaloes), PCR based ([Fig. 2](#F2){ref-type="fig"}) diagnosis revealed 89 animals (16.42%, 95% CI= 13.73--19.1) positive for *Babesia* that included 83 cattle (17.81%, 95% CI= 14.81--20.81) and 6 buffaloes (7.89%, 95% CI= 2.66--13.12). The relative prevalence of *B. bigemina* by PCR amplifying 689 bp fragment for 18S rRNA gene showed highest prevalence of the disease in North-eastern region (64.28%, 95% CI= 51.79--76.78) ([Fig. 1](#F1){ref-type="fig"}) and lowest in western region (3.89%, 95% CI= 1.45--6.32) of Punjab. Overall Overall percentage of animals positive for B. bigemina *B. bigemina* by Giemsa-stained thin blood smears was 1.66 % (9/542), the higher in cattle 1.73 % (8/463) than in buffaloes 1.31 % (1/76). Chi-square test showed significant difference in the prevalence of the infection as revealed by blood smear examination and PCR. Kappa contingency test indicated a slight agreement between blood smear examination and PCR assay with latter being highly sensitive for the detection of latent infections.
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Nucleotide sequence analysis
----------------------------

The 689bp sequence showed homology (99%) with *B. bigemina* isolate BRCO2 18S ribosomal RNA gene (GenBank No. FJ 426361.1).

Haemato-biochemical alteration Anaemia
--------------------------------------

Haematological parameters ([Fig. 2](#F2){ref-type="fig"}) showed significant (P\< 0.05) decrease in the TEC, Hb, PCV and MCV, while significant increase (P\< 0.05) in MCH and MCHC in clinically and subclinically infected animals as compared to non-infected healthy control group ([Fig. 3](#F3){ref-type="fig"}).
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Liver function biochemical alterations
--------------------------------------

A significant increase (P\< 0.05) was seen in ALKP and AST of clinically infected group while the increase as non-significant in subclinically infected animals as compared to non-infected control group. The increase in ALT levels was non-significant (P\< 0.05) in both the infected groups ([Fig. 4](#F4){ref-type="fig"}) when compared with the non-infected healthy controls.
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Kidney function biochemical alterations
---------------------------------------

There was no significant difference in the level of creatinine and BUN in the three groups under study, however the level of total bilirubin had increased significantly in the infected groups as compared to non-infected group (P\< 0.05) ([Fig. 5](#F5){ref-type="fig"}).
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Blood cellular and biochemical response
---------------------------------------

Significant response in terms of decrease in WBC, TP, GLO and Plt was seen only in clinically infected animals (P\< 0.05), while the alterations in albumin level was non-significant in both the infected groups as compared to non-infected control group ([Fig. 6](#F6){ref-type="fig"}).
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Lane M, molecular size marker 100 bp plus, Lane P positive control and N negative controls, Lane A--D showing amplified *B. bigemina* genomic DNA from the blood of animals positive for infection, Lane E showing no amplification of *B. bigemina* genomic DNA from the blood of animal negative for infection.

Discussion
==========

In the clinically positive (9) cases the marked clinical symptoms of high fever (39.4--40.5°C), history of hemoglobinurea, jaundice, icterus, tachycardia, weight loss and decrease in milk yield were recorded. The blood smear of these animals revealed typical pyriform bodies of *B. bigemina* at an acute angle inside the erythrocytes. Apart from the typical forms other pleomorphic forms *B. bigemina* were also observed. Previously, parasitological prevalence of babesiosis due to *B. bigemina* in cattle is reported to be 5.94% in Punjab ([@B3]). However, the status of subclinical infection is essential to be drawn as this kind of infection can be the source of infection to other animals of the herd as well as may flair in the condition of stress. Thus, it has been observed that the molecular approaches based on nucleic acids such as polymerase chain reaction (PCR) assays offer greater sensitivity and specificity over the existing diagnostic tests ([@B6]) which proved to be true in the present study also.

The trend of geographic distribution of babesiosis can be corroborated with the availability of favorable conditions of high humidity and soil moisture content ([@B9]) and higher population of tick vector, *R. microplus* ([@B19]), in Northeastern parts are Punjab as it covers the Sub mountain and Undulating zones. Ticks were observed on 78.6% of the affected cattle and 9.4% of the affected buffaloes. Population of the ticks was mainly constituted by *R.* (*Boophilus*) *microplus* followed by *Hyalomma annatolicum anatolicum*, correlating the fact that incidence of *B. bigemina* is a tick borne pathogenesis. Above all the major fraction of sampling was done from cattle and they primarily considered susceptibly to the infection ([@B22]).

Findings of hematobiochemical profiling indicate that the subclinical infection of babesiosis in bovines is also responsible for causing anemia. The anemia was normo to hyperchromic and microcytic type. Marked anemia has been documented in clinical cases of bovine babesiosis in previous studies ([@B18], [@B3]) also. A number of factors contribute to anemia in babesiosis including lyses of erythrocytes by emerging parasites ([@B4]), indiscriminate phagocytosis of infected and non-infected erythrocytes by activated macrophages system ([@B17]), suppression of erythopoitietic activity of bone marrow ([@B15]) and antigen antibody mechanism ([@B7]). Non-significant difference was seen in glucose level among the three groups, when compared with the normal range (42--75 g/dL) ([@B13]).

The apparent increase in the levels of AST, ALT, ALKP, BUN and creatinine signifies harmful effect of toxic metabolites of *Babesia* sp. on liver cells lead to impairment and alterations of the liver and kidney enzymes. [@B10] reported the significant increase in aspartate aminotransferase, alanine aminotransferase (ALT) and gamma glutamyltransferase (GGT) in babesiosis. A significant increase in total bilirubin in subclinically infected group hemolytic crisis of babesiosis ([@B15]) and hepatic damage ([@B23]) was seen. Overall, the degenerative changes in the internal organs as indicated by biochemical response may be due to anemic hypoxia. Infiltration of circulating immune complexes may further complicate the problem ([@B3]).

Conclusion
==========

The comparison of prevalence of bovine babesiosis by PCR and Giemsa stained thin blood smear in dairy cattle of Punjab, revealed highest prevalence in north-eastern region of Punjab by both the techniques. As the transmission of *B. bigemina* is transovarian, the presence of rather few infected ticks on even a subclinically infected animal may acts as nidus of infection for the whole herd, posing severe economic losses and pathognomic effects on the animal as indicated by altered vital parameters contemplated though significant decrease in the level of RBC, Hb, PCV, and MCV with significant increase in TBIL, MCH and MCHC levels.
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